We report on distance determinations for two high Galactic latitude cloud complexes, . No distance determination exists in the literature for either cloud. Thirty-four early type stars were observed towards the two clouds, more than half of which have parallaxes measured by the Hipparcos satellite. For the remaining stars we have made spectroscopic distance estimates. The data consist of high resolution echelle spectra centered on the Na I D lines, and were obtained over six nights at the Coudé Feed telescope at Kitt Peak National Observatory. Interstellar absorption lines were detected towards some of the stars, enabling estimates of the distances to the clouds of 109 ± 14 pc for G192-67, and of 139 ± 33 pc for MBM 23-24. We discuss the relationship of these clouds to other ISM features such as the Local Hot Bubble and the local cavity in neutral hydrogen.
Introduction
We report on a search for interstellar Na I D lines towards two molecular cloud complexes, G192-67 and MBM 23-24. These are low-mass, translucent clouds with molecular cores which do not appear to be forming stars, and are part of a survey of X-ray shadows towards molecular and cometary clouds using the ROSAT PSPC (Grant & Burrows 1998) . Based on these measurements, we determine the distance to both clouds for the first time.
G192-67 (ℓ, b ∼ 192 • , −67 • ) was discovered by Odenwald & Rickard (1987) in a search for comet-like clouds in the 100 µm band of the IRAS all-sky survey. Odenwald (1988) found no evidence of optical nebulosity or depressed star counts from obscuration towards this cloud. Neutral hydrogen 21-cm measurements of the cloud core (the 'head' of the cometary formation) were carried out by Heiles, Reach, & Koo (1988) . They found multiple velocity components at V LSR = 3.2, -9.2, and 0.9 km/s and a total H I column density of 1.25 × 10 20 cm −2 . This cloud was also detected in the molecular CO(1-0) line by Reach, Koo, & Heiles (1994) at V LSR = -3.8 km/s.
The MBM 23-24 cloud complex (ℓ, b ∼ 172 • , +27 • ) was discovered as part of a survey of high-latitude molecular gas (Magnani, Blitz, & Mundy 1985) . It is described as a small, fragmented complex, with two cores at V LSR = -2.6 and -1.5 km/s. Little or no star formation is taking place, as evidenced by the lack of bipolar outflows (Vallée & Avery 1990 ) and absence of Hα emitting stars (Kun 1992) . Neutral hydrogen measurements by Gir, Blitz, & Magnani (1994) yielded velocities of V LSR = -3.3 and -3.6 km/s and an average H I column density of 2.9 × 10 20 cm −2 . Examination of Gir, Blitz, & Magnani (1994) Figures 2 and 3d shows that the velocity structure is asymmetric with many small peaks between -10 and +15 km/s.
Many methods can be used to determine distances to interstellar clouds. These clouds have small radial velocities because of their positions (near the Galactic anticenter and high latitude) and probable small distances, and are not suitable for accurate kinematic distance determinations. Other methods rely on the absorbing effect of the cloud on background stars. If the cloud is thick enough and the stellar density distribution is understood, the deficit of stars toward the cloud can be used to calculate distance. The accuracy of this technique is dependent on the size of the deficit, which is small for these types of clouds. Comparing the stellar distance versus reddening of stars toward the cloud can yield a distance, but requires accurate spectral types in order to determine extinction. We have chosen to measure the narrow absorption lines of Na I D in optical spectra of stars towards the clouds. The presence of an absorption line requires the star to be behind the cloud, while the lack of an absorption line implies the reverse. Since these clouds are at high latitudes, few interloping absorption features are expected. This method requires both high resolution spectroscopy and accurate stellar distances. For stars observed by ESA's Hipparcos mission, stellar distances and their associated errors are accurately known without need for precise photometric data or spectral types. Section 2 describes the selection of candidate stars and the high resolution spectroscopic measurements, § 3, the assignment of distances to the clouds themselves, and § 4 discusses the relation of these clouds to other interstellar features.
Stellar data
Thirty-four stars were selected from the SIM-BAD database using the following criteria: positioned within the infrared contours of the cloud, V magnitude brighter than 10 and spectral type earlier than F8. The selected objects are listed in Table 1 and their positions are shown in Figure 1 . Spectral types and V magnitudes are from SIM-BAD except where more precise magnitudes exist in the SKY2000 catalog (Warren et al 1997) . I 100 is the surface brightness from the IRAS survey in the 100 µm band at the star's position.
Late F stars are not ideally suited for interstellar absorption studies since the stellar lines of Na I are stronger and less rotationally broadened than earlier type stars. We included these, however, in the hope that some would have stellar radial velocities with enough separation from the cloud velocity to permit observation of the interstellar lines.
Stellar Distances
Primary stellar distances are from the Hipparcos catalog of stellar parallaxes (D H ). In addition, we have calculated spectroscopic distances both excluding (D 0 ) and including (D R ) corrections for interstellar extinction, i.e.
. Stars without full MK spectral types are assumed to be on the main sequence with luminosity class V. Absolute magnitudes and colors are from Lang (1992) . Since small errors in magnitudes can yield large errors in extinction-corrected distance, and since A V should be small, we are using only D 0 in later discussions. When possible, our results are based solely on the more accurate Hipparcos distances; however those objects without Hipparcos measurements will still be considered.
To evaluate the reliability of our spectroscopic distances, we have made a statistical comparison between the spectroscopic and parallactic distances for those stars with Hipparcos measurements. As seen in Figure 2 , there is significant scatter which increases with D H . The rms deviation is 38%, however the differences are not random, with D 0 underestimating the true distance, D H . The assumption of luminosity class V for all stars without full spectral types may be in error and a more evolved spectral type would significantly increase D 0 . Adding extinction effects to the spectroscopic distance would decrease the derived distance and in most cases appears to be unnecessary. It is beyond the scope of this paper to examine in detail the errors which cause this discrepancy, but better photometry and spectral typing would most likely improve the results. Pinsonneault et al. (1998) have examined apparent discrepancies between Hipparcos and mainsequence fitting distances to some open clusters, in particular the Pleiades in which the distances disagree by more than 3σ. They conclude that systematic errors exist in the Pleiades parallax data at the 1 mas level. Two possible sources of this error are spatial correlations on small angular scales (∼ 1 • ) and statistical correlations among the fitted parameters (position, parallax and proper motion). While our fields are not as compact as the Pleiades, some of the individual parallax measurements are not completely independent, having been observed in the same great circle scans. The statistical correlation between parallax and right ascension (ρ π α , field H20 in the Hipparcos catalog) is caused by uneven distribution of observations over the parallactic ellipse and is a strong effect only in certain areas of the sky (for the Pleiades < ρ π α >= 0.34). This correlation is small towards G192-67 (< ρ π α >= 0.02), but unfortunately is large towards MBM 23-24 (< ρ π α >= 0.37). If the same kind of systematic error exists for these fields as does for the Pleiades, it would, at most, change our cloud distance estimates by 10-15 pc, which is within our estimated 1σ error bars.
High-Resolution Spectroscopy
We observed the program stars on 1997 November 18-23 at the 0.9-m Coudé Feed telescope at Kitt Peak National Observatory. The echelle grating and cross-dispersing grism were used in the Camera 5 configuration, yielding a spectral resolution of R ∼ > 60,000. Exposures of a thorium-argon lamp were taken every few hours as a wavelength reference. The FWHM of the Th-Ar spectrum near the Na I D lines was 0.072Å or 3.7 km/s. The slit width was 300 µm or about 2 arcsec. Total exposure times depended on magnitude and ranged from 1200 to 14,000 seconds. No single exposure was longer than forty minutes to minimize contamination by cosmic rays. Atmospheric transparency was poorer in the early evening, therefore the signalto-noise achieved for stars in the G192-67 field is worse. The mean S/N for the G192-67 field was ∼ 40 and for the MBM 23-24 field was ∼ 55.
The data were processed using the standard IRAF data reduction package (Tody 1993) . The raw CCD frames were bias-subtracted and flatfielded, and bad pixels and cosmic rays were removed. The echelle orders were extracted, skysubtracted, and dispersion-corrected using the Th-Ar spectrum as a wavelength reference. The stellar continua were normalized using a high order spline, and velocity shifted to the local standard of rest. High signal-to-noise observations of the stars ρ Ceti (A0V, V rot sin i ≈ 200 km/s) and 2 Ceti (B9IVn, V rot sin i ≈ 180 km/s) were combined to produce a typical telluric spectrum. Atmospheric telluric absorption lines were removed by scaling the telluric spectrum to match the stellar spectrum (see Lilienthal et al. (1990) for more details). The normalized stellar spectrum was then divided by the scaled telluric spectrum.
The spectra for Na I D2 are shown in Figure 3 . The radial velocity, equivalent width, and column density of the interstellar lines detected are shown in Table 2 . Absorption features were required to be present in both D1 and D2 spectra at similar velocities. A multi-line entry indicates that multiple velocity components are present. Column densities were calculated using N m (cm −2 ) = 1.13 × 10 20 W λ /λ 2 0 f mn where W λ is the equivalent width inÅ, λ 0 is the rest wavelength of the absorption line and f mn is the oscillator strength of the transition. This linear relation assumes that the line is optically thin and unsaturated. To reduce the effects of saturation on the column density determination, we followed the empirically determined formulation of Penprase (1993) . For W λ (D2) < 40 mÅ, N(Na I) was calculated from the stronger D2 line. For 40 mÅ< W λ (D2) < 80 mÅ, N(Na I) was calculated from the weaker D1 line. For W λ (D2) > 80 mÅ, upper limits on N(Na I) were calculated from the D1 line. When a narrow stellar line occurs close to the expected velocity of the interstellar line, it is nearly impossible to detect the interstellar absorption. These cases are ignored in further analysis.
Cloud Distances
Comments on individual stellar observations are made below. Both clouds exhibit 21-cm emission over a range of velocities with multiple peaks. All the suspected interstellar absorption components presented here are consistent with the velocities measured in neutral hydrogen. For the MBM 23-24 observations which have multiple interstellar velocity components, we have assumed all are associated with the cloud. We have also assumed that the N(Na I)/I 100 ratio is reasonably constant throughout the clouds so that stars with similar dust emission should show similar Na I absorption.
G192-67 HD 14139
No interstellar absorption is seen in this spectrum which places a lower limit on the distance to G192-67 of D H = 101 +16 −12 pc. The infrared dust emission from the cloud at this point is 1.59 MJy/sr, similar to that of neighboring stars, HD 13790 (1.49), HD 14256 (1.45), and HD 14235 (1.69), which do show Na I absorption. It is possible that a chance juxtaposition of this star with a hole through the cloud could cause the lack of absorption, however the dust emission does not show this and it seems unlikely that the dust to gas ratio could change so drastically over such a short distance.
HD 14940
The only other star closer to us than HD 14139 is HD 14940 which is at D H = 62 +3 −3 pc. This star also shows no interstellar absorption which agrees with the previous result.
HD 14670 Interstellar absorption is seen at the velocity of the H I emission in the spectrum of HD 14670, which is located at D H = 116 +23 −17 pc. This places an upper limit on the distance to the cloud. More distant stars also show interstellar absorption, confirming this result.
HD 13166, HD 13165, BD-19 398 These stars were added to the sample to confirm that the absorption seen in almost every spectrum is associated with the cloud and not with a diffuse sheet of interstellar gas. These 'off-cloud' observations of stars at distances of 225, 667, and 457 pc do not show any interstellar absorption at the cloud velocity, confirming the association.
MBM 23-24
HD 58520 A lower limit can be placed on the distance to MBM 23-24 by the lack of absorption towards HD 58520, which is located at D H = 114 +12 −10 pc. Again the infrared dust emission in this direction is similar to that towards stars which do show interstellar absorption.
BD+47 1474
The star BD+47 1474 shows strong interstellar absorption at the velocity of the H I emission and is located at D H = 163 +54 −33 pc. This observation defines the best upper limit of the distance to MBM 23-24.
BD+47 1455
The star BD+47 1455 has small but measurable interstellar absorption at the velocity of the H I emission. The distance is only known spectroscopically and is D 0 = 120±46 pc. Since this star is located near to one of the cloud cores, either substantial or no absorption is expected. If the star is behind the cloud, the small absorption line would require either a drastic change in the N(Na I)/I 100 ratio or a 'hole' through the cloud that is unresolved in the IRAS data. The star could be at the near edge of the cloud and absorbed by a small fraction of the total column density of the cloud; however no reflection of the star's light on the gas can be seen. It seems most probable that the star is in front of the cloud and the absorption is due to the small amount of cold gas in the local cavity. At this low column density, the expected extinction is vanishingly small, so that D 0 need not be corrected for reddening. The published data do not include a luminosity class, so we have assumed that BD+47 1455 is on the main sequence. A more evolved luminosity class of IV would increase the distance, to D 0 = 209 ± 79 pc. While the distance uncertainties are too great for this observation to constrain the cloud distance, there is an indication that the cloud may be further than 120 pc.
BD+47 1459 Substantial interstellar absorption at the velocity of the H I emission is observed toward BD+47 1459, which has a spectroscopically determined distance of D 0 = 149 ± 57 pc. This observation defines a lower, but less certain upper limit of the distance to MBM 23-24.
Distance Estimates
The derived distances to the clouds are as follows: for G192-67, d = 109 ± 14 pc and for MBM 23-24, d = 139 ± 33 pc. These results are displayed in Figure 4 as a comparison of stellar distance versus total column density of interstellar Na I. For stars with multiple interstellar velocity components, the column density is the sum of these components. A strong discontinuity is seen in both plots at the derived distance of the clouds.
Discussion
The location of these clouds with respect to other large-scale structures in the ISM may be useful in understanding the origin and evolution of these kinds of low mass clouds. The sun is embedded in the Local Hot Bubble (LHB), which is an amorphous region of hot (T ∼ 10 6 K), rarefied (n H ∼ < 0.01 cm −3 ) gas. Very few molecu-lar clouds are known to be within the LHB. If more exist, these clouds could cool the hot gas very effectively, putting constraints on models of the formation and evolution of the LHB (Cox & Reynolds 1987) . The exact size of the LHB is uncertain and model-dependent. Using the middle scaling from Snowden et al. (1998) , the LHB extends to ∼ 85 pc towards G192-67 and ∼ 60 pc towards MBM 23-24. In both cases, the clouds are outside the LHB. The upper scaling from Snowden et al. (1998) (∼ 122 pc and ∼ 86 pc, respectively) would allow G192-67 to lie at the edge or slightly inside the LHB, but MBM 23-24 would still remain far outside.
The local cavity of neutral hydrogen measured by the interstellar Na I D absorption line has a similar extent as the LHB but with different features (Welsh et al. 1994 , Snowden et al. 1998 . The data of Welsh et al. (1994) , with Hipparcos distances, implies the edge of the local cavity may be further than the edge of the LHB in these directions, namely ∼ 130 pc towards G192-67 and ∼ 100 pc towards MBM 23-24; however this is based on a small sample of stars and is rather uncertain.
It should be noted that the distribution of the denser gas is not always uniform, an example being a low-density tunnel towards β CMa (ℓ ≈ 235 • , b ≈ −20 • ). HD 13165 is located near G192-67, has a spectroscopically determined distance of D 0 = 667 pc, and an upper limit on Na I D column density of 0.7 × 10 11 cm −2 . Using the empirical correlation between N(Na I) and N H (Ferlet, Vidal-Madjar & Gry 1985) this corresponds to N(H I + H 2 ) < 1.5×10 19 cm −2 . This may imply that the local cavity extends much further in this direction or that its boundary is clumpy or patchy. In high latitude regions, the cavity boundary may become more diffuse or disappear altogether. More observations of high latitude stars are needed to investigate this.
Placing these clouds at the interface between the LHB and the shell of the cavity is interesting theoretically, implying that these types of clouds may form as condensations as the LHB expands into the cooler, denser ISM (e.g. Elmegreen 1988). While the cloud distances do not match perfectly the extent of the LHB or local cavity, they are not wildly inconsistent. The cometary appearance of G192-67 and the fragmentary appearance of both clouds suggest a more destructive process could be at work, with the LHB boundary shredding material off a pre-existing cloud inside the cavity (e.g. Klein, McKee & Colella 1994) . As distances to more high latitude molecular clouds are measured and their association with large-scale ISM features understood, perhaps the answer will become apparent. Table 2 Analysis of Stellar Spectra 
